ABSTRACT. Groundwater resource is an essential for various purposes in Bantul district, Yogyakarta Special Province, Indonesia, especially on Poncosari village where the water supply are depending on shallow groundwater resources. On this village, most of the houses using dug wells to provide their water needs and applying inappropriate on-site sanitation system, however there are also difference land uses. This condition increase the hazard of groundwater contamination by fecal coli bacteria and nitrate. Therefore, this research aims in term of three main objectives: firstly, to know the level of nitrate concentration in groundwater, secondly, to assess groundwater vulnerability and thirdly, to assess the level of groundwater contaminant hazard. Hydrogeology observation was conducted and 47 water samples (44 groundwater samples and 3 surface water samples) were collected from different land use type and analyze for nitrate (NO − 3 ) content. Methodology used to assess the groundwater vulnerability was Simple Vertical Vulnerability method and the groundwater contamination hazard built based on the combination of groundwater vulnerability and nitrate loading potential map. Results show that groundwater concentrations of nitrate range from 0.09-74.80 mg/L and the highest concentration found in the settlement area. Assessment of groundwater vulnerability reveals three areas of moderate, moderate high and high classes of vulnerability due to shallow groundwater and the sandy dominated overlying material in the study area. Combination of groundwater vulnerability and nitrate loading potential map indicated that groundwater contaminant hazard of nitrate range from low to high class. High class of hazard located in the settlement area, and low hazard of nitrate contamination found in the irrigated rice field area.
INTRODUCTION
Poncosari village is located on Samas area, Srandakan Sub-District, Bantul District, Yogyakarta Province, in which water supply for communities are depending on shallow groundwater resources. Abstraction of groundwater commonly using dug wells due to very shallow groundwater condition of less than 4 m from the ground surface (Kabahari, 2014) . The land uses in the research area are dominated by agriculture, settlement and beach sand dunes area. Groundwater contamination by nitrate is the major problem throughout the world, often occurring as the result of inappropriate on-site sanitation system (ARGOSS, 2001 , Morris et al., 2003 , Putra, 2010 . In the research area, application of inappropriate on-site sanitation are common and therefore hazard of nitrate contamination to groundwater is probably high. Nitrate concentration in well water in Yogyakarta, Indonesia, and its surroundings tend to increase rapidly from time to time, and it proves to be associated with an elevated risk of colorectal cancer (Fathmawati et al., 2017) .
The potential of nitrate hazard to groundwater can be worst as the study area is located in Wates Formation and coastal sand dunes (MacDonald & Partners, 1984) . Wates Formation consist of clay, silt, fine to medium sand and gravel. Moreover coastal sand dunes consist of fine to coarse sand sediment. Those lithological formation allow high vertical velocity of contaminant movement in the unsaturated zone. However, recent report relate to nitrate content on groundwater under settlement area in the study area are only beween 0.014 to 3.919 mg/L (Gunadarma, 2016) . Based on the above facts, the aim of this research are: (1) to know the level of nitrate concentration in groundwater under different land uses, (2) to assess groundwater vulnerability and (3) to assess the groundwater contaminant hazard in the research area.
STUDY AREA
The study area is located in Samas area, Poncosari village, Srandakan sub-district on the southern part of Bantul dstrict, Special Province of Yogyakarta, Indonesia (Figure 1 ). The study area covered approximately 6.60 km 2 . The boundary is next to the Progo River at the west side, Sanden sub-district at the east and the India Ocean at the south.
Land use in the study area were simply classified into four categories: settlement, irrigation rice field area, non-irrigation agricultural area and sand dune area (beach area) (se Figure 2) . Settlement refers mainly to area where people are settling down which covered around 32 % of study area. Irrigation rice field covered from the north to the middle part around 36 % of the study area. Non-irrigation agricultural area are composed of rice field, plantation field, corn field and shrimp ponds which covered around 20 % of the study area and the rest 12 % is the natural sand dune area or beach area.
THEORETICAL BACKGROUND

Groundwater vulnerability
Groundwater vulnerability is a term to show a susceptibility of aquifer from contamination. There are two terms of groundwater vulnerability; intrinsic and specific vulnerability. The intrinsic vulnerability depends on the natural attenuation capacity of the unsaturated and sat- urated zone. Meanwhile the specific vulnerability is being used to determine the vulnerability of groundwater as the combination between intrinsic factor and specific land uses or specific contaminant or group of contaminants. The effectiveness of unsaturated zone to reduce the contamination can be estimated based on the residence time of percolating water in the unsaturated zone. This is the main behind the development of Simple Vertical Vulnerability (SVV) method to assess groundwater vulnerability (Putra, 2007) . The SVV method is useful on shallow groundwater condition (depth to groundwater <20 m) and the aquifer built by quarternary deposits. This method is based on three parameters, which are: depth to groundwater, overlying materials and groundwater recharge rate. Detail explanation of SVV method can be found on Putra (2007) . To classify groundwater vulnerability class, this method applying point count system for each parameters (See Table  1 , 2 and 3). The formula of calculation is as following:
Where: P T : Final score of protective effectiveness of the unsaturated zone; L a : Average points of the soil/rock cover;
; Z: Points of the thickness of unsaturated zone; W u : Points of the recharge rate N: Number of the overlying layers. 
Assessment of groundwater contamination hazard
The groundwater contamination hazard can be defined as the probability of groundwater in the aquifer to experience negative impacts from given anthropogenic activities to such level resulting the groundwater is unacceptable for human consumptions. Therefore, the most logical approach to assess the occurrence of Table 3 : Final rating of SVV method and its classification of groundwater vulnerability (Putra, 2007 groundwater contamination is to regard it as an interaction between the contaminant loading and groundwater vulnerabiilty at location concerned (Foster & Hirata, 1988; Morris et al., 2003) . Quantification of contaminant loading potential considers four important factors which are class of contaminants, intensity of contaminants, mode of disposition and duration of contaminant application (Foster & Hirata, 1998; Johansson & Hirata, 2002; Chilton et al., 2006) . On this study, modified method from Johansson & Hirata (2002) as conducted by Putra (2007) is applied. The stepwise process of obtaining class of contaminant loading potential based on this method is shown in Figure 3 . In order to provide groundwater contamination hazard map, a simple matrix evaluation is used to combine between map of groundwater vulnerability and contaminant loading potential in the research area.
RESEARCH METHODS
In order to achieve the objectives of research, field observation was conducted to collect primary data of groundwater condition, unsaturated lithology materials and land use type/activities. Regarding the unsaturated lithology materials, 12 locations of observation were selected (see Figure 4) and grain size analysis of samples were conducted in the Soil Mechanic Laboratory of Civil Engineering, Universitas Gadjah Mada. In case of groundwater, 47 water samples were taken from different land use in the study area, consisting of 44 groundwater samples and 3 surface water samples (see Figure 4) Only climatology and groundwater recharge data were collected from previous research.
RESULTS
Nitrate concentration in groundwater
From the chemical analysis, nitrate concentration in groundwater of the study area is found to be different on each land uses. Nitrate concentration in the groundwater under settlement area are found between 0.09-74.80 mg/L. In addition, rice field area have nitrate concentration in groundwater varied between 0.09-3.40 mg/L, in the non-irrigation agricultural area ranging from 1.52-14.89 mg/L and in the sand dune area, nitrate concentration on groundwater ranging from 14.89-24.22 mg/L. The distribution of nitrate concentration in the study area are divided into 3 classes, 0-10 mg/L, 10-50 mg/L and 50-100 mg/L as seen in Figure 5 .
Groundwater wulnerability
The thickness of unsaturated zone or the depth to groundwater are ranging of 0 to 5 m. The highest value of depth to groundwater located on the south part of the study area and low value of depth to groundwater are found in the middle part of the study area (see Figure 7) . The SVV rating of protection from thickness of unsaturated zone in the study area will be only between 1 to 5 points. Based on the 12 locations of lithological observation, most of the material of unsaturated zone in the study area are dominated by loamy sand type (6 of 12). Other type of covering material are sandy clay loam (1 of 12), sandy loam (2 of 12), sand (2 of 12) and gravelly sand (1 of 12). The lithological condition show clearly that the SVV rating of protection from soil/rock cover are only ranged between 8 to 32 points. By using the recharge data calculated by Kabahari (2014) , the recharge rate on the study area is about 95.5 mm/year, it means that the SVV rating of protection from recharge is 10 points. Sum of all points reveal the total SVV score in the study area ranging of 19 to 49 points. According to Table 3 , the class of groundwater vulnerability in the study area will be moderate to very high vulnerability as shown in Figure 6 .
Based on the groundwater vulnerability map in study area (Figure 6 ), moderate vulnerability class is the dominant class of vulnerability followed by very high and high vulnerability area, respectively. In the SVV method, the class of vulnerability also represents the average movement of water in the unsaturated zone. Moderate class means an average vertical movement of water from 3 to 10 years, high class means Figure 6 : Class of depth to groundwater and groundwater vulnerability map of the study area. several months to 3 years and very high means few days to 1 year.
Nitrate loading potential
To assess the nitrate loading potential, four parameters of contaminant loading potential were classified depending on their land use type and activities. Different class of parameter (low, moderate, high) are applied on similar land use as the result of 43 field observation on land use site as shown in Appendix 4. Final class of nitrate loading potential from each of land uses are adjusted by following the flow-chart method in the Figure 3 , and the results is shown in Figure 7 . Based on Figure 7 , similar land use type, for example settlement can be classified into several class of nitrate loading potential. This condition occurs due to different type of housing, activities, distance from sanitation and practice of sanitation which found during the field observation.
Nitrate contamination hazard
By combining the map of nitrate loading potential and groundwater vulnerability map of the study area, a map of nitrate contamination hazard can be constructed (see Figure 7) . The result of nitrate contamination hazard shows a vary class of low to high hazard (see Table 5 ). The settlement area commonly fall into moderate low to high hazard. In the non-irrigation agricultural and sand dune area are mostly represented by moderate low hazard class and some location of the sand dune area shows also moderate class. In addition, the rice field area classified as low hazard class of nitrate contamination to groundwater.
DISCUSSION
Based on the result of nitrate analysis, dug wells in the settlement area have the lowest and the highest value of nitrate content on groundwater. The highest value is 74.80 mg/L was only found in one dug well in the settlement area. This is the only well which contain nitrate above the maximum acceptable concentration level of nitrate in drinking water. According to WHO (2003) , maximum concentration of nitrate in drinking water is 50 mg/L. Based on the field observation on the dug well contain the highest concentration of nitrate, the dug well is located very closed to the on-site sanitation system. However, most concentration of nitrate on groundwater under settlement area are less than 10 mg/L which is quite similar to the result of Gunadarma (2016) . For non irrigated and sand dunes area, the nitrate concentration on groundwater are commonly 10 to 50 mg/L, and according to the field observation this can be relate to agriculture practice of shrimp pond in the non irrigated area and tourism activities along the beaches where there are a lot of small kiosk or restaurants providing food and drink also toilet which presumably built with inappropriate on-site sanitation system. In the case of irrigated rice field, it is found that the dug wells on this land use contain low nitrate of less than 10 mg/L. Explanation on this may be relate to the small amount of chemical fertilizer that used by the farmer as common in Indonesia (Putra, 2007) .
Regarding the groundwater vulnerability, the dominance moderate class of vulnerability may become the reason why in the settlement area, the content of nitrate is commonly low despite most of the villagers on this area are using onsite sanitation system and shallow groundwater system. The wide distribution of sandy loam and loamy sand which part of Wates Formation in the study area, become an important parameter to protect the shallow groundwater from contamination although the groundwater is very shallow on this region.
The important question relate to the groundwater contamination hazard is how good the map can predict the contamination hazard. Therefore, in this research, a comparison between class of nitrate contamination hazard and median value of nitrate concentration on each class is compared (see Figure 8) . From this figure, it can be seen that there are a positive correlation between class of hazard and the median value of nitrate content in groundwater. In the high hazard area, the median value is 31.14 mg/L. In addition, the median value for other classes in order are moderate high 8.15 mg/L, moderate 6.56 mg/L, moderate low 6.27 mg/L and low 3.4 mg/L, respectively. Although the comparison shows positive correlation, but the value of nitrate on each classes are actually not very differ for moderate low to moderate high. This can be occurred due to problem on defining the class of parameters in the nitrate loading potential method. Even though, there are 43 observations site of land use in the study area, it is presumably a lot of difference activities on other unobserved locations. Another reason may be the combination of groundwater vulnerability and nitrate loading potential may not be easily taken as a simple matrix relationship as already show by Putra (2007) . Despite all of this weakness, this research has successfully show that even by applying simple approach as explained on this paper, the map of nitrate contamination hazard can predict the relative concentration of nitrate in different classes of contamination hazard.
CONCLUSIONS
According to the result and discussion, some conclusion can be drawn with respect to the objectives as following: 1) Nitrate concentration in the groundwater of the study area ranging from 0.09-74.80 mg/L, high content of nitrate on groundwater is found in the settlement area and low content of nitrate commonly found in the irrigated rice field area. 2) Groundwater vulnerability assessment by SVV method is successfully reveal moderate, high and very high class of vulnerability from contamination in the study area, in which moderate class is the dominance one, followed by very high and high vulnerability due to shallow groundwater and the sandy dominated overlying material. 3) Finally, the assessment of nitrate contaminant hazard show that the study area are classified into five zones of low, moderate low, moderate, moderate high and high hazard. The classes of hazard are correlate with the median value of nitrate concentration in groundwater. The high and moderate high hazard area are distributed commonly in the settlement area. 
